The first isolates of Batken virus (BKNV) including the prototype strain LEIV306K were obtained by Lvov et al. (1974) from Hyalomma plumbeum plumbeum ticks that were collected from sheep in the surroundings of Batken village, Kirghizia. An additional virus strain was isolated from mixed Aedes caspius caspius and Culex (Neoculex) hortensis mosquitoes which were caught in the Leninsk region, Kirghizia (Lvov et al., 1974) . BKNV was found to be susceptible to ethyl ether, sodium deoxycholate and 5-bromo-2-deoxyuridine treatment, indicating that it has a lipid-containing envelope and a RNA
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genome. The size of virus particles was estimated to range between 50 to 100 nm (Lvov et al., 1974) . BKNV was subsequently classified as a tentative member of the family Bunyaviridae by the International Committee on Taxonomy of Viruses (ICTV) (Murphy et al., 1995) .
Thogoto virus (THOV) and Dhori virus (DHOV) represent a group of arboviruses which are likewise transmitted by ticks. They were originally classified as members of the family Bunyaviridae. Later they were found to have many features in common with influenza viruses (Clerx et al., 1983 ; Nuttall et al., 1995 ; Siebler et al., 1996) and now form a separate genus within the family Orthomyxoviridae, named Thogotovirus (Pringle, 1996) . We argued that as BKNV has some characteristics similar to Dhori viruses (e.g. host and vector range) it might in fact also belong to the group of tick-transmitted orthomyxoviruses. To test this hypothesis, we took advantage of the interferon-induced nuclear Mx1 protein of mice, which is known for its antiviral activity against influenza viruses (reviewed in Staeheli & Haller, 1987) . We have previously shown that THOV and DHOV are inhibited by Mx1, demonstrating that all known orthomyxoviruses have an Mx1-sensitive step in their multiplication cycle Thimme et al., 1995) . Here we report that BKNV is also inhibited by Mx1. Furthermore, we provide morphological, serological and genetic evidence that BKNV is a member of the family Orthomyxoviridae, closely related to DHOV.
In a first experiment, Mx1-positive A2G mice and Mx1-negative BALB\c mice were infected intraperitoneally with diluted brain homogenates of BKNV-infected mice. The LEIV306K strain of BKNV (Lvov et al., 1974) was used in all experiments described in this publication (we obtained BKNV from the Yale Arbovirus Research Unit, Department of Epidemiology and Public Health School of Medicine, Yale University, USA, through the courtesy of Robert E. Shope). Between 5 to 10 days after infection all BALB\c mice became progressively ill. Four out of five animals died in the course of the disease or were deliberately killed shortly before death to relieve their suffering. In contrast, all A2G mice survived without any symptoms (Table 1) . BKNV could be isolated from liver and brain of BALB\c mice indicating disseminated infection with high viraemia (data not shown). In two further experiments, Mx1-positive congenic BALB.A2G-Mx1 mice 
* Mice (8 to 16-week-old males) were intraperitoneally infected with diluted brain homogenates (expt 1 and 2) or a diluted liver homogenate (expt 3) of BKNV-infected mice. † Susceptible mice died or were killed when they were moribund. The experiment was terminated 21 days after infection. ‡ One BALB\c mouse showed severe symptoms of the disease and survived after seroconversion. (Haller et al., 1984) were infected with BKNV to demonstrate that the Mx1 allele was responsible for the resistance phenotype observed in A2G mice. As expected, all BALB.A2G-Mx1 mice survived the virus challenge, whereas all BALB\c mice succumbed (Table 1) . These results demonstrate that BKNV is highly sensitive to the Mx1 resistance mechanism, a property typical of orthomyxoviruses. Both mRNA synthesis and genome replication of orthomyxoviruses occur in the nucleus (Krug, 1989) , whereas replication of bunyaviruses takes place entirely in the cytoplasm of infected cells (reviewed by Schmaljohn, 1996) . Mx1 protein has been shown to accumulate in the cell nucleus (Dreiding et al., 1985) where it inhibits primary transcription of influenza A virus catalysed by the incoming virion polymerase (Pavlovic et al., 1992) but is without effect against negativestrand RNA viruses replicating in the cytoplasm (Staeheli et al., 1986 ; Pavlovic et al., 1990) . Since Mx1 sensitivity suggested a nuclear replication phase of BKNV, we examined the accumulation of viral proteins in the nucleus of infected cells. Vero cells were infected with 35 p.f.u. of BKNV per cell and the subcellular localization of viral antigens was analysed by indirect immunofluorescence at various time-points after infection using post-infectious antisera from BKNV-infected mice. Viral antigens were detectable in the nucleus as early as 2 h after infection. Fig. 1 (a) shows nuclear staining 4 h after infection. Later on, viral proteins also appeared in the cytoplasm and cytopathic effects were seen 24 h after infection (data not shown). Such an accumulation of viral proteins in the nucleus of infected cells is unusual for bunyaviruses, but a characteristic of orthomyxoviruses.
One notable feature to distinguish members of the family Bunyaviridae from the Orthomyxoviridae is the process of viral particle formation. Bunyaviruses bud into Golgi cisternae (reviewed by Schmaljohn, 1996) , whereas orthomyxoviruses obtain their envelope from the plasma membrane (Ba$ chi et al., 1969) . We studied the process of virus morphogenesis by electron microscopy. Vero cells were infected with 5 p.f.u. of BKNV per cell and fixed 24 h after infection with 4 % buffered glutaraldehyde and 2 % osmium tetroxide. After washing, cells were stained with 1 % uranyl acetate, concentrated in 1 % low melting agarose, dehydrated in ethanol and embedded in Epon 812 resin. Finally, ultrathin sections were stained with lead citrate and uranyl acetate. Fig. 2 (c) shows spherical and filamentous virus particles in interstitial spaces between neighbouring cells. Spherical virus particles had diameters in the order of 80 to 110 nm. Filamentous virus particles had similar diameters, but were up to 1000 nm long. Furthermore, virus particles budding from the cell surface membranes were observed ( Fig. 1 d, e) , but no intracellular budding was detected. Next, we looked for antigenic cross-reactivity between BKNV and several orthomyxoviruses by Western blotting (Fig. 2 a-d) . Post-infectious antisera from BKNV-infected mice cross-reacted with the nucleoprotein and the matrix protein of DHOV (Fig. 2 a) and vice versa (Fig. 2 b) . No cross-reactions were found with THOV-specific antisera (Fig. 2 c) . Immunofluorescence analysis of viral antigens in Vero cells infected with BKNV, DHOV and THOV confirmed these findings (data not shown), indicating that BKNV is antigenically related to DHOV.
The observed antigenic relationship between BKNV and DHOV prompted us to use DHOV-specific primers for the amplification of BKNV sequences. We selected two primer pairs based on previously published nucleotide sequences of the glycoprotein (segment 4) and the nucleoprotein (segment 5) gene of DHOV strain India\1313\61 (Freedman-Faulstich & Fuller, 1990 ; Fuller et al., 1987) . Total RNA from infected Vero cells was prepared 24 h after infection by the acid phenol method and was used as template for cDNA synthesis. RT-PCR was performed according to a two step protocol. First, cDNA was reverse transcribed with random hexanucleotides and Superscript RT (GIBCO-BRL). Second, viral sequences were amplified by PCR using Taq polymerase (Boehringer Mannheim). Nucleoprotein gene fragments of 560 bp were obtained with the primer pair 5h CAAGACCG-AGGATACCATCTTGTGGC 3h and 5h CTGCACCTTTCG-CTGCCTGCATG 3h. Glycoprotein gene fragments of 652 bp were amplified using the primer pair 5h CACTTTGCCTAC- Fig. 2 . Antigenic cross-reactivity and amino acid sequence homologies of BKNV and DHOV. Antigenic cross-reactivity between BKNV and tick-borne orthomyxoviruses was determined by Western blotting (a-d). Vero cells were infected with either THOV (strain SiAr126), BKNV or DHOV (strain India/1313/61). Control cells were left uninfected. Cell extracts were prepared 10 h (for DHOV and BKNV) or 16 h after infection (for THOV). Samples of 10 µg of protein were analysed using post-infectious antisera from mice infected with BKNV (a) or DHOV strain India/1313/61 (b). Furthermore, hyperimmunized guinea-pig antisera recognizing THOV antigens (Jones & Nuttall, 1989) were used (c). Actin staining shows comparable amounts of protein loaded in each lane (d). The positions of the nucleoprotein (NP), matrix protein (M) and β-actin (Actin) are indicated. Amino acid sequence alignments of nucleoprotein and glycoprotein sequences of BKNV and DHOV strains are shown (e, f). The amino acid sequences were deduced from nucleotide sequences of BKNV, DHOV strain PoTi461 and DHOV strain India/1313/61. The aligned sequences correspond to amino acids 142 to 310 of the nucleoprotein or to amino acids 159 to 361 of the glycoprotein sequence of DHOV strain India/1313/61. Shaded areas indicate nucleoprotein regions which are highly conserved between all orthomyxoviruses (Weber et al., 1996 ; Fuller et al., 1987) . The horizontal bar marks a possible asparagine-linked glycosylation site in the glycoproteins. Asterisks indicate the positions of amino acids which may be involved in the formation of a leucine zipper. Cladograms show the proposed phylogenetic relationship of BKNV and DHOV based on nucleoprotein and glycoprotein amino acid sequences (g, h) . Trees were calculated using the partial nucleoprotein and glycoprotein sequences shown in (e) and (f), respectively. The length of the branches is proportional to the number of amino acid substitutions which are indicated by the scales beneath the trees.
CACACGTGCAAC 3h and 5h GGAACATTGCTCGGCCA-GG 3h. To obtain plasmid DNA for nucleotide sequencing, the amplification products were ligated into the pCRII vector (Invitrogen). Sequencing was done by the dideoxy method on double-stranded plasmid DNA using the T7 sequencing kit (Pharmacia) and different primers for both strands. For comparison, we amplified and sequenced the gene fragments of BKNV strain LEIV306K, DHOV strain India\1313\61 and DHOV strain PoTi461. As expected, the nucleotide sequence of the glycoprotein and nucleoprotein gene of DHOV strain India\1313\61 was found to be identical to the sequence published by Fuller et al. (1987) . Furthermore, DHOV strain PoTi461 nucleotide sequences were found to be 84n5% (nucleoprotein) and 79n8 % (glycoprotein) identical to the corresponding DHOV India\1313\61 sequences. Interestingly, BKNV nucleotide sequences also had a high degree of similarity to the corresponding sequences of both DHOV strains, i.e. 85n9 % (nucleoprotein) and 78n5 % (glycoprotein) identity to the gene sequences of India\1313\61, respectively, and 94n3 % (nucleoprotein) and 89n0 % (glycoprotein) identity to the gene sequences of PoTi461, respectively.
To determine the degree of phylogenetic relationship between BKNV and DHOV, we analysed the deduced amino acid sequence of the nucleoprotein and glycoprotein gene fragments using the LASERGENE Biocomputing software package (DNASTAR). The nucleoprotein sequence of BKNV shows 97 % and 98 % identity to homologous sequences of DHOV strain India\1313\61 and strain PoTi461, respectively (Fig. 2 e) . Nucleoprotein domains known to be highly conserved between all orthomyxoviruses (Weber et al., 1996 ; Fuller et al., 1987) are marked as shaded areas in Fig. 2 (e) . No amino acid substitutions were detected within conserved regions supporting the idea that these nucleoprotein domains serve important biological functions. The glycoprotein amino acid sequences were less well conserved than the nucleoprotein sequences (Fig. 2 f) . The glycoprotein amino acid sequence of BKNV was found to be 90 % identical to the corresponding sequence of DHOV strain India\1313\61 and 97 % identical to the amino acid sequence obtained from strain PoTi461. Despite the relatively high overall glycoprotein sequence variability, positions relevant for distinct biological features (FreedmanFaulstich & Fuller, 1990) were conserved (Fig. 2 f) . Thus, a potential glycosylation site (marked by a horizontal bar) as well as amino acids representing a putative leucine zipper motif (marked with asterisks) were invariable in all BKNV and DHOV strains. Finally, we constructed phylogenetic trees based either on the nucleoprotein (Fig. 2 g) or the glycoprotein amino acid sequences (Fig. 2 h) . In both instances, BKNV is more closely related to DHOV strain PoTi461 than to DHOV strain India\1313\61.
THOV and DHOV are true tick-borne viruses (reviewed in Nuttall et al., 1995) . BKNV was isolated from ticks as well as from mosquitoes, suggesting that BKNV may also use insects as vectors (Lvov et al., 1974) . Interestingly, Butenko & Chumakov (1971) reported the isolation of a DHOV-like virus (previously named ' Astra virus ') from Aedes hyrcanus mosquitoes caught in the Astrakhan region (former USSR), supporting the idea that arthropod-borne orthomyxoviruses may use a wide range of vector species. However, further investigations are required to assess the capacity of such orthomyxoviruses to replicate in and be transmitted by insect vectors.
After completion of this work we learned that D. K. Lvov and others had previously obtained evidence for an antigenic relationship between BKNV and DHOV (Lvov, 1982) and had independently concluded that BKNV belonged to the family Orthomyxoviridae (Lvov et al., 1985 ; Lvov, 1993) . However, their work (mostly published in Russian) was obviously not taken into consideration by the ICTV and escaped our attention. The present work is in agreement with their findings and demonstrates that BKNV is most likely a Dhori virus and should be reassigned to the family Orthomyxoviridae, genus Thogotovirus. Moreover, our work demonstrates that Mx1 susceptibility is a reliable marker for orthomyxoviruses and may be useful in the hunt for new family members.
